Abstract
INTRODUCTION
Rhodotorula glutinis is a basidiomycetous yeast comprising strains with very diverse metabolic characteristics which recommend them for a wide range of biotechnological applications: production of carotenoids and siderophores with antimicrobial activities for biocontrol (Sansone et al., 2005) , synthesis of lipases, lipids, fatty acids and esters for chemical and food industry and for biodiesel (Hernandez-Almanza et al., 2014) . Yeasts represent important sources for lipase production with a wide range of industrial (food, cosmetics, detergents, leather, pharmaceutics) and biotechnological applications (biomedicine and bioremediation) (Tomulescu et al., 2015) . R. glutinis extracellular lipases are synthesized in the presence of vegetable oils or sugars, an organic nitrogen source (yeast extract, peptone) being preferred for obtaining high production yields (Sharma et al., 2001) . R. glutinis is also one of the oleaginous yeast species known as important microbial factories for lipids and triacylglycerols using raw materials and a wide range of wastes (Ageitos et al., 2011; Kosa and Rgauskas, 2011; Kot et al., 2016) . In present, there are studies describing the genome sequence of R. glutinis strains used for biodiesel (Paul et al., 2014) . Bioremediation is an ecological modern technology of great interest for remediation of soils polluted with oil spills as well as industrial or household wastes (e.g. petroleum, vegetable oils and fried oils). Many yeast species, including R. glutinis, comprise strains that can assimilate these substrates producing biosurfactants used in biomedicine and different domains of biotechnology (Oloke et al., 2005; Amaral et al., 2008) . The present study deals with the taxonomical identification of a new yeast strain isolated from oil-polluted soil, named R. glutinis CMGB-RG5. Further studies concerned the practical applications of the yeast strain, focusing on its ability to use the fatty acids from various substrates for lipases, lipids and biosurfactants synthesis.
MATERIALS AND METHODS

Yeast strains
The yeast strain CMGB-RG5 was isolated from oil-polluted soil (Ploiesti, Romania) and maintained in Yeast Peptone Glucose (YPG) medium (0.5% yeast extract, 1% peptone, 0.2% glucose) supplemented with 20% glycerol, at -70 o C, in the Collection of Microorganisms of the Department of Genetics, Faculty of Biology, University of Bucharest, Romania (CMGB).
Morpho-physiological tests
Fresh CMGB-RG5 culture was cultivated in Petri dishes on YPGA medium (YPG with 1,5% agar-agar) and the aspect of the colonies was recorded after 48 hours using a stereomicroscope SZM-1 (OPTIKA Microscopes, Italy). The shape of cells and type of vegetative reproduction were examined using an optical microscope (MICROS, Austria). Physiological identification was performed using the Biolog MicroStation system, by reading the results from YT MicroPlates after 48 and 72 hours.
Screening for lipase production
Lipase production was evaluated using the Tween opacity test (after Slifkin, 2000) . Fresh culture was spotted on six different media: S (1% BactoPeptone, 0.5% NaCl, 0.01% CaCl 2 , 2% agar-agar, 0.5% Tween 80), S w/o Ca (S without CaCl 2 ), S-0.4Ca (S with 0.04 % CaCl 2 ), S-1T (S with 0.1% Tween 80), S-8T (S with 0.8% Tween 80) and S-10T (S with 1% Tween 80). Lipase production was evaluated after three, respectively, seven days. Positive results were recorded when white halos of calcium salts precipitate appeared surrounding the CMGB-RG5 colonies. In parallel, CMGB-RG5 was grown in spots on YPTA medium (0.3% yeast extract, 0.5% peptone, 1% tributyrin, 2% agar) (Shirazi et al., 1998; Darvishi, 2012) . Tributyrin hydrolysis was observed as clear halos surrounding the yeast spots. The qualitative evaluation of the lipolytic activity was based on the ratio between the measured diameters of the tributyrin hydrolysis halo (TH), respectively, the calcium salts precipitate halos and those of the cell colonies (CC). Thus, if the TH/CC ratio is 1, the yeast strain does not produce lipases. On the contrary, a high TH/CC ratio indicates a high rate of lipase synthesis.
Lipase induction in liquid media
The strain CMGB-RG5 (10 6 cells/ml) was cultivated in liquid media: T20 (0.7 % YNB, 2.5 % Tween 20), T80 (0.7 % YNB, 2.5% Tween 80), D (1 % olive oil, 0.2 % yeast extract, 0.05 % KH 2 PO 4 , 0.05 % K 2 HPO 4 , 0.05 % MgSO 4 x 7 H 2 O, 0.01 % CaCl 2 , 0.01 % NaCl) and Ty (0.3% yeast extract, 0.5% peptone, 0.1% glucose, 0.5 % KH 2 PO 4 , 1% tributyrin) (Tsuboi et al., 1996; Darvishi et al., 2009; Poier et al, 2013) . The ability of the yeast strains to produce lipase was estimated by monitoring cell growth after 24, 48 and 72 hours with a Thoma counting chamber. The aspect of the cells was also microscopically observed (Csutak et al., 2016-a) . 5. Biosurfactants production. Determination of the emulsification activity Biosurfactant production was determined by growing the strain CMGB-RG5 for seven days in presence of olive oil using BS media (0.1% NH 4 NO 3 , 0.02% KH 2 PO 4 , 0.02% MgSO 4 × 7H 2 O, 0. % yeast extract, 4% olive oil -Carl Roth) and on Yeast Peptone (YP) medium (1% yeast extract, 1% peptone) supplemented with 1% fried cooking sunflower oil commercially available. The production of biosurfactants was determined after three, respectively, seven days of incubation, by calculating the emulsification index (E 24 %) of the cell-free broth (crude biosurfactant) against n-hexadecane (SIGMA) (Csutak et al., 2016-b) .
6.
Obtaining the partial purified concentrated biosurfactants For obtaining the concentrated biosurfactant, 5 ml, respectively, 10 ml of cell-free broth (crude biosurfactant) of a seven-day CMGB-RG5 culture on YP -fried cooking sunflower oil medium were incubated for 20 hours, at 4 o C, in cold acetone (1:3, v:v). After centrifugation for 10 min at 10.000 rpm, at 4 o C, the precipitated biosurfactants were resuspended in 500 l Millipore water, for obtaining [10X], respectively, [20X] concentrated biosurfactants (after Ilori et al., 2008 
RESULTS AND DISCUSSIONS
Morpho-physiological identification
After 48 hours of incubation on YPGA medium, the strain CMGB-RG5 formed orange-pink smooth, round colonies. The microscopical analysis showed medium size, oval cells with polar budding and no pseudohyphae or hyphae (Figure 1 ). The physiological identification using the Biolog MicroStation showed that the strain CMGB-RG5 (Figure 2 . MicroPlate: c5) has the highest degree of similarity with Rhodotorula glutinis var. glutinis compared with the 267 yeast species from by the YeastDataBase of the system. According to the morpho-physiological characterization and in correlation with data from scientific literature (Kurtzman et al., 2011 ) the strain CMGB-RG5 was re-named as R. glutinis CMGB-RG5.
Lipase induction
The effect of fatty acids on lipase production in R. glutinis CMGB-RG5 was determined in solid and liquid media. At the end of the sevenday observation period, the screening tests on six solid media containing various concentrations of CaCl 2 and Tween 80 (polyoxyethylene (20) sorbitan monooleate) showed that the strain R. glutinis CMGB-RG5 has high lipolytic activity. Thus, after only three days of incubation on S-10T medium with 1% Tween 80, R. glutinis CMGB-RG5 formed clear halos and showed a good lipase activity (TH/CC of 1.9) (Figure 3a) . Best results (TH/CC of 3.3) and clear, white halos were observed on media with lower Tween 80 concentrations, S (0.5%) and S-1T (0.1%), but only after seven days (Figure 4a and 4c) . The activity diminished slighly when Tween concentration was augmented (Figure 3c and Figure 4d ). The lipolytic activity was not influenced by the addition of 0.04 % CaCl 2 (TH/CC of 2.5) but resulted in appearance of large halos of salt crystals scattered around the yeast colony (Figure 4b ). This confirms the high ability of the strain R. glutinis CMGB-RG5 to synthesize lipases that liberate the oleic acid from Tween 80. On the contrary, no halos were observed when R. glutinis CMGB-RG5 was grown on solid medium with tributyrin. The oleic acid was a better inducer of lipolytic activity than the palmitic acid. Thus, although the curves for T80 and T20 media had similar profiles (Figure 5a ), the oleic acid assured a better growth. The accelerated growth in the presence of the olive oil (D medium), i.e. 2.2 x 10 6 cells/ml after 24 hours and 1.0 x 10 7 cells/ml after 48 hours, suggests that the addition of a direct source of oleic acid improves cell growth. It is possible that the yeast extract from the D medium, a more complex nitrogen and vitamin source than the YNB from T80, might also justify this process, fact also described previously (Papaparaskevas et al., 1992) . However, best results were obtained when tributyrin was used as substrate:
8.5 x 10 6 cells/ml after 24 hours and 2.2 x 10 7 cells/ml after 48 hours (Figure 5b ). This is interesting, since lipase synthesis in presence of tributyrin could not be detected using the screening tests on solid medium. This suggests that using liquid media could represent a more accurate method for determination of lipolytic acivity in presence of tributyrin. In fact, rather similar results were obtained during other experiments (Buzzini and Martini, 2002) on R. glutinis strains isolated from natural environments: from ten strains examined, four strains showed lipase activity on solid media with 1% Tween 80, while in presence of 1% tributyrin halos could be observed for only one strain. The analysis of R. glutinis CMGB-RG5 growth rates in time confirmed important cell proliferation during the first 24 hours on tributyrin and olive oil media (1417%, respectively, 1100%) followed by a reduced rate until the end of the incubation period, after 48 hours (258%, respectively, 455%). The growth was more reduced but sustained in presence of Tween 80 (Figure 6 ). The results confirm the high levels of lipase induction in the presence of butyric acid and oleic acid.
When Tween 20 was used as sole carbon source, cell growth could be determined only after 48 hours (550%) which implies delayed lipase induction and assimilation of the palmitic acid. According to Zarevucka (2012) an augmented percentage of oleic acid and its esters in the substrate, results in high levels of microbial lipase induction. The microscopical observations of R. glutinis CMGB-RG5 culture grown on Ty medium with 1% tributyrin, showed budding cells surrounding glycerol droplets (Figure 7a ). This confirms the high lipase production which hydrolysis the tributyrin to butyric acid and glycerol. Moreover, intracellular lipids could be observed (Figure 7b ) most probably due to the assimilation of the resulted glycerol and of the glucose from the Ty medium (Easterling et al., 2009; Saenge et al., 2011) . Biosurfactants synthesis and antimicrobial activity The strain R. glutinis CMGB-RG5 was isolated from oil-polluted soil and according to our previous studies is able to produce biosurfactants using n-alkanes as sole carbon source (Csutak et al., 2012) . Some studies mention that vegetable oils and fatty acids represent good substrates for biosurfactant synthesis in yeasts (Santos et al., 2016) and also that lipase and biosurfactant production could be correlated (Sekhon et al., 2012 ).
Therefore, we tested the ability of R. glutinis CMGB-RG5 to produce biosurfactants in the presence of olive oil and fried cooking sunflower oil, as houlsehold and/or industrial wastes. The sunflower oil contains aproximately 30% oleic acid and 60% linoleic acid and suffers slight modifications of these contents during the frying process (Quiles et al., 2002; Ghiduruș and Varga, 2017) . The emulsification index (E 24 %) determined after one week of incubation, was high: fried sunflower oil (53%) and olive oil (35%). Partially purified [10X] and [20X] concentrated biosurfactants as well as crude biosurfactants obtained from one-week yeast culture on fried cooking sunflower oil were further tested for antimicrobial activity. After one week of incubation at 28 o C, from the nine potential sensitive Candida strains tested, halos with modified aspect were observed surrounding the spots of biosurfactants on Petri dishes overlaid with C. tropicalis CMGB165, C. guilliermondii CMGB44 and C. krusei CMGB94. In general, the concentrated biosurfactants showed good activity, best results being obtained against C. krusei CMGB94 (Table 1) . It is interesting to observe that crude biosurfactants had higher activity against C. guilliermondii CMGB44 compared to concentrated biosurfactans. The explanation could reside, in a first place, in the pathogenicity level of the three species and, thus, in their resistance to external stress conditions. Thus, C. tropicalis and C. krusei are known as causing more than 90% of the fungal infections having rather similar resistance to antimicrobial/ antifungal agents (Fothergill et al., 2014) . C. guilliermondii although relatively rarely related to infections, presented higher resistance during several antifungic tests (Pfaller et al., 2006; Turner and Butler, 2014) . On the other hand, the crude biosurfactants, compared to the concentrated biosurfactants, might contain small amounts of residues from the culture media, i.e. fried oils, which could induce additional stress in the potential sensitive Candida cells, the impact depending also on the specific cell structure and metabolism. The general mechanisms of antimicrobial activity of the biosurfactants on yeast cells consists in modifications of cell morphology and membrane structure, with possible effect on other molecules (cAMP) with key roles in cell metabolism and dimorphic transition (Singh and Cameotra, 2004; Rodrigues and Teixeira, 2010) . The microscopic observations of the cells from collected from the halos, revealed the appearance of pseudohyphae with large vacuoles suggesting stress conditions induced by the biosurfactants in the C. krusei cells (Figure 8 ). 
